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                       CCACGCGTCCGCGGAGGTCGAGGCCGTCCGGTCGCTGA GTTGTCCTGAAGCTCGGGTTAPLGAGGGCCTGTAAGAGCTGTTGGTAGTCATCCCAAGTAG GCTGGTGGTTAGCAGTG( AATTTTAAAGTAGAGACATCATTAAGGAGTCAGAAGATCAACATGGGAGACCTTGAAAAGGGGGCTGCAACCCATGGGGCCGGATGCTTTGCCAAGATCAAG M G D L E K G A A T H G A G C F A K I K GTGTTTCTGATGGCATTAACATGTGCATATGTATCCAAATCGCTATCAGGAACTTTCATG  VFLMALTCAYVSKSLSGTEMAGTTCCATGCTCACACAAATAGAGAGACAATTCGGTATCCCCACAGCTATAGTTGGATTC  S S M L T Q I E R Q F G I P T A I V G FATCAATGGGAGCTTTGAGATAG( AAATCTTTTGTrGATTATATTTGTGAGTTATTTTGGA  I N G S F E I G N L L L I r F V S Y F GATGAAACTGCACAGACCTATCGTGATTGGTGTrGGATGTGCAGTTATGGGCCTGGGTTGC  M K L H R P I V ! G V G C A V M G L G C TTCATAATATCACTACCTCATTTCCTCATGGGCCGATATGAATATGAAACAACGATTTTA  F I I S L P H E L M G R Y E Y E T T I L CCTACAAGCAACTTGTCCTCAAACAGCTTCTTGTGTATGGAGAACCAAACCCAGACCTTA  PTSNLSSNSELCMENQTQTLAATCCAGCGCAAGACCCAGCAGAGTGTGTGAAAGAAGTGAAATCACTAATGTGGATATAT  N P A Q D P A E C V K E V K S L M W I YGTACTGGTAG(AAATATTATACGTGGAATTGGTGAAACTCCCATCATGCCCTTGGGTGTT V L V G N r r R G I G E T P I M P L G VTCCTACATAGAAAACTTTGCCAAATCTGAAAACTCTCCTTTArACATTGG)mpLTTTTAGAA  S Y r E N F A K S E N S P L Y r G X L EACAGGAAAGATGATTGGCCCAATATTTGGGCTTTTGTTGGGATCCTTCTGTGCAAGCATT T G K M I G P I F G L L L G S F C A S ITATGTAGACACAGGGTCTGTGAPLTACAGATGACCTGACCATAACTCCCACAGATATACGC Y V D T G S V N T D D L T I T P T D I RrGGGTTGGTGCTTGGTGGATCGGCTTTTTGGTCTGTGCAGGAGTGAATATCCTGATTAGC w v G A w w r G E L v c A G v N I L r sATTCCCTTTTTCTTTTTTCCCAAAACACTCCCAAAGGAAGGATTACAGGAAAATGTGGAT r P E E E F P K T L P K E G L Q E N V DGGAACTGAAAATGCCAAAGAGGAGAGCACAGAGAAAAGGCCAAGGAAGAAJVLACCGAGGA G T E N A K E E S T E K R P R K K N R GATCACTAAAGATTTCTTTCCGTTCCTGAPLGAGCCCTGTCCTGCAACCCGATTTACATGCT ITKDEEPFLKSPVLQPDLHAGTTCACCCTTATAAGGTGCTCCAGGTCAATGCATTTAACATTTACTTTAGCTTCCTGCCT V H P Y K V L Q V N A F N I Y F S F L PAAGTACCTTGAAAACCAATATGGAAAATCCACTGCAGAGGTCATCTTCCTCATGGGTGTT KYLENQYGKSTAEVIFLMGVTATAACTTACCTGCAATATGCATTGGATATT AATTGCTGGCTTCATGATGAAGAAATTC YNLPA!CIGYLIAGFMMKKFAAGATCACTGTCAAGACAGCTGCATTCCTCCGATTCTGCCTATCCTTGTCTGAATATAGT K r T V K T A A F L R F C L S L S E Y STTTGGTTTCTGTAACTTCCTAATTACCTGTGATAATGTCCCAGTTGCTGGTTTGACTAAC F G E C N F L r T C D N V P V A G L T NTCTTATGAAAGAGATCAGAAACCTCTATACTTGGAAAATAATGTTCTTGCTGACTGCAAC SYERDQKPLYLENNVLADCNACA)LGGTGCAGCTGCTTGACGAAAACATGGGATCCAGTGTGTGGAGACA)eLTGGC TAGCA TRCSCLTKTWDPVCGD'N GLATACATGTCAGCCrGCCTCGCAGGCTGCGAGAAGTCTGTTGGAACTGGAACCAACATGGTG YMSACLAGCEKSVGTGTNMVTTTCACAATTGCAG TGCATTCAGTCACCAG(AAACTCGTCCGCA TCCTGGGGCTGTGT F H N C S C r Q S P G N S S A V L G L CAATAAAGGCCCCGAGTGCACCAACAAGCTGCAGTACCTTTTAATACTATCAGGATTTCTC NKGPECTNKLQYLLILSGFLAGTATCCTCTACTCATT GCAGCCATACCTGGATACATGGTTTTTCTGAGGTGTATCJVtG S I L Y S F A A ! P G Y M V F L R C I KTCTGAAGAGAAGTCACTTGGGATTGGAATACATGCATTTTGCATAAGAGTATTTGCTGGC S E E K S L G r G I H A F C r R V F A GATTCCAGCACCTATTTACTTTGGAGCTTTGATAGACAGAACCTGTTTACACTGGGGAACT I P A P I Y F G A L I D R T C L H W G TCAGAAATGTGGTGCGCCAGGGCGCAGGATGTATGATATAAATAGCTTCAGGCGCATTTAC Q K C G A P G R R M Y D I N S F R R I YCTTGGGATGTCTGCAGCTCTAAGAGGATCAAGCTATCTCCCTGCATTTGTTATTGTAATA L G M S A A L R G S S Y L P A E V I V ICTTACAAGGAAGTTCTCTCTTCCTGG(AAAATCAACTCTTCAGAAATGGAAATTGCAGAG L T R K E S L P G K I N S S E M E I A EATGAAGCTCACAGAGAAGGAAAGCCAGTGCACAGATGTGCACAGAAATCCTAAGTTCAAG M K L r E K E S Q C T D V H R N P K F KAATGATGGAGAACTGAAAACGAAGCTGTAATGACTTTTCTACTGCCTTGTGTAAGGCCAT NDGELKTKLGAACAGAATGCTAGAATTCAAAACACTTCACTTTTGAATCATGAGATAAACAACAGGAATGCTTAACTTTAAGAACCTCAACAATTAGTTTTACACTCATGATAAAAGTAGCATTTTCATGAGGCTGGTGTAGGACTTAAGTTTTTCCCAGGATAGATTTCTATAGAGACCCCCACATTGAACATTAAAGCTTCCTTCATTGTATCAAGGAAAGTATGTATTTCTAAGATATCTTCAAGTAGCTTTAJVLGCCTAGTCCTTAAACACTATTTCATTCTGTTGAACTTATGTTTCGATGTGGGGGGATTTAGAGAGACAAATATGCATTGTGGCTGTGCTCAGAAAAAAAAAAAAAAAACCTATTCTTTCTATGCACILPLGCTGTCTGCATACGTTTATATCTAGAAGTTATTAACCCTTATTTTTTATTTTAGTCATGATGCTTCCGAGATTAGACTTCTCTCTCATGTGCCATCTCCTGGTTTTAGVTCCATTTTTCTTTACTTATGTCACACATTTGATCATTTATCTTACAGTACTGACAAACCTGATCACATTATTAAAAAATTCACATTGCAAAAAAAAAAAAAAAA
Fig. I-1. Nucleotide and deduced amino acid sequences of rat OAT-Kl.
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Fig. I-2. Comparison of the deduced amino acid sequences (A) and hydropathy plots
(B) between rat OAT-Kl and rat oatpl. A. Conserved residues between two transporters are
boxed. Putative membrane-spanning domains are lined over the sequence with number (Ml - M12),
and potential N-linked glycosilation sites are indicated by asterisks. Potential protein kinase A
phosphorylation sites (A) and protein kinase C phosphorylation sites (e) are indicated. B, Kyte and
Doolittle (1 1) hydropathy plots with a window of 13 amino acid residues. Numbers between plots































































































































































































































































































































































































































    oMTX FOLATE TCAPAHPGE2LTC4
Fig. II-5. Accumulation of anionic drugs by monolayers of LLC-OAT-Kl cells.
Monolayers of LLC-OAT-Kl (closed column) or LLC-pBK (open column) grown on membrane
filters were incubated for 60 min at 37℃ with either 26 nM [3H]MTX, O.5 pt M [3H]TCA, 18 pt M
['`C]PAH, 1 nM [3H]PGE2, or 1.3 nM [3H]LTC4 added to the basolateral side (2 mi, pH 7.4) of the
monolayers. Accumulation ofeach drug is expressed as uptake clearance. Each column represents
the mean ± S.E. of three monolayers.




















Fig. II-6. Concentration dependence of [3H]MTX accumulation by LLC-OAT-Kl
cells. [3H]MTX accumulation was measured at various concentrations (O.05-10 pt M) for 15 min at
37℃ added to the basolateral side (2 ml, pH 7.4) of the monolayers in the absence (e) and presence
(O) of 1 mM unlabeled MTX. Unlabeled incubation medium was added to the apical side (2 ml, pH
7.4). Broken line represents the specific component of MTX accumulation. Each point represents































































































































































































































































































































































































               DIGOXIN (pM) TESTOSTERONE(pM)
Fig.II--17. Dixon plots for inhibitory effects of digoxin (A) and testosterone (B) on
[3H]MTX accumulation by LLC-OAT-Kl cells. [3H]MTX accumulation at each
concentration of 1oo (O), 2oo (e) or 4oo nM (A) in the presence of 50 and 1oo pM of digoxin (A) or
testosterone (B) from the basolateral side (pH 7.4) were measured for 15 min at 37 OC. Unlabeled
incubation medium (pH 7.4) without drugs was added to the apical side. Data are expressed as
1/accumulation (pmol/mg protein/15 min). Each point represents the mean ± S.E. of three
monolayers.
                                TABLE ll-ll
     Accumulation of methotrexate, indomethacin, digoxin and testosterone by
                            LLC-OAT-Kl cells
['H]Methotrexate (1oo nM, 28.5 kBq/mi), ['`C]Indomethacin (35 pM, 5.7 kBq/mi), [3H]digoxin (48
nM, 28.5 kBq/mi) and [3H]testosterone (8.5 nM, 28.5 kBq/mi) accumulated by LLC-OATd-Kl cells
was measured for 5 min at 370C. The accumulations are expressed as uptake clearance.















Eac v ue represents the mean ± S.E. o three monolayers.


























































































































































































































































































































































































Rat OAT-X2Rat OAT-KlRat oatplHurnan OATPRat oatp2Rat PGTHum PGT
Rat OAT-K2Rat OAT-Klfig;t:.fio"8Rlp
Rat oatp2Rnt PGTHutnan PGT
Rat OAT-K2Rat OAT-KlRet oatplHurnan OATPRat oatp2Rat PGTHum PGTConsensus
Rat OAT-K2Rat OAT-KlRat oatplHurnan OATPRat oatp2Rat PGTHum PCTConsensus
Rat OAT-K2Rat OAT-KlRat oatplHum onTPRat eatp2Rat PGTHuniari PGTConsensus
Rat OAT-K2Rat OAT-KlRat oatplHum OATPRat oatp2Rat PGTHuman PGTConsensus
Rat OAT-X2Ret OAT-KlRat eatplHurnan OATPRat odtp2Rat PGTHum PCTConsensus
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Fig. III-1. Comparison of the deduced amino acid sequences between 7 transporters
belong to oaip genefamily (A) and hydropathy plots (B) between rat OAT-K2 and
rat OAT-Kl. A. Conserved residues between 7 transporters are indicated by stars. Putative
membrane-spanning domains are lined over the sequence with numbers (M1 - M8), and potential N-
linked glycosilation sites(O), potential protein kinase A phosphorylation sites (A) and protein kinase
C phosphorylation sites (e) are indicated. B, Kyte and Doolittle (11) hydropathy plots with a
window of 13 amino acid residues. Numbers between plots indicate putative membrane-spanning
































































































































































































Fig. III-7. Accumulation of anionic drugs by MDCK-OAT-K2 cells. MDCK-OAT-K2
(hatched column) or MDCK-pBK (open cotumn) cells grown on 35-mm culture dishes were
incubated for 60 min at 37℃ with either 250 nM [3H]TCA, O.5 pt M [3H]MTX, 2.8 nM [3H]PGE2,
15 pM ['`C]PAH, 1.5pM ['`C]indomethacin, 1.1 nM [3H]testosterone, or 62.5 nM [3H] digoxin
Accumulation of each dmg is expressed as uptake clearance. Each column represents the mean ±
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Fig. III-8, Concentration dependence of ['H]TCA accumulation by MDCK-OAT-K2
cel}s. fH]TCA accumulation was measured at various concentrations (O.1-30 # M) for 15 min at
37℃ in the absence (e) and presence (O) of 5oo pM unlabeled TCA. Broken line represents the










































































** N.D. ** **N.D.
`bly>igaezU.ze".tsbec,k,g6(ktz,s,&,Z,zeg.8k,lo..6.isltbtizQ4,Z.za6islp%
Fig. III-11. EfTbct of various steroids on ['H]TCA accumulation by MDCK-OAT-K2
cells. [3H]TCA accumulation by MDCK-OAT-K2 cells (250 nM; 2 mi, pH 7.4) was measured for
15 min at 37℃. Data are expressed as % of control value. Each column represents the mean ± S.E.
of three monolayers. **, p < O.oo1, significant differences from control. N.D., not detected
                       TABLE M-I
       Effect of Na' and C]" depletion on [3H]TCA accllmulation by
                   MDCK-OAT-K2 cel}s
moCK-OAT-K2 cells were preincubated at 370C for 15 min in either normal, Na'-free, or Cl--free
medium and incubated at 370C for 5 min with 250 nM [3H]TCA (2 ml, pH 7.4). Each value








































































































































































































































































Du n New En land Nuclear
[3H]methotrexate (1,417.1 GBq/mmol), [3H]taurocholate (74.0 GBq/mmol), p-[glycyl-'`
C]aminohippurate (1.6 GBq/mmol), [14,15,19,20-3H]leukotriene C4 (5,180.0 GBq/mmol), D-
['`C]mannitol (2.0 GBq/mmol), ['`C]tetraethylammonium (124.8 rvfl3q/ml), ['`C]indomethacin (825.1
MBq/ml), [1,2,6,7-3H]testosterone (3,222.7 GBq/mmol), [3H(G)]digoxin (592 GBq/mmol),
D-[1-3H]mannitol (728.9 GBqlmmol)
[5,6,8,1 1,12,14,15(n)-3H]prostaglandin E2 (6.70 TBq/mmol), [3',5',7,9-3H]fblate (1.52 TBq




probenecid, DIDS, canrenoate, ouabain, taurochenodeoxycholate
2E[LrcikEge;Sk
methotrexate, folate, valproate, indomethacin, ketoprofen, ibuprofen, flufenamate, phenylbutazone,
dexamethasone, N-methyl-D-glucamine
  fu5 VXe
sulfobromophthalein, taurocholate, p･-aminohippurate, furosemide, NaN3, 2-deoxy-D-glucose,
digoxin, testosterone, predonisolone, spironolactone, estriol, benzylpenicillin, glycocholate,
deoxycholate, taurodeoxycholate, glycochenodeoxycholate, ursodeoxycholate, 17- P -estradiol
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